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                \begin{document}$${B_c^+} $$\end{document}$ meson[1](#Fn1){ref-type="fn"} is the only known weakly decaying particle consisting of two heavy quarks. The ground $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{b}c$$\end{document}$ state was first observed by CDF \[[@CR1]\] via its semileptonic decay $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } \ell ^+\nu _\ell $$\end{document}$. An excited $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\bar{b}c$$\end{document}$ state has been observed recently by ATLAS \[[@CR2]\] using the $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } \pi ^+$$\end{document}$. The presence of two heavy quarks, each of which can decay weakly, affects theoretical calculations of the decay properties of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\bar{b}\rightarrow \bar{c}c\bar{s}$$\end{document}$ processes, decays to charmonium and a $\documentclass[12pt]{minimal}
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                \begin{document}$${D_s^{*+}} $$\end{document}$ meson are predicted to occur via colour-suppressed and colour-favoured spectator diagrams as well as via the weak annihilation diagram (see Fig. [1](#Fig1){ref-type="fig"}). The latter, in contrast to decays of other *B* mesons, is not Cabibbo-suppressed and can contribute significantly to the decay amplitudes. The decay properties are addressed in various theoretical calculations \[[@CR3]--[@CR9]\] and can also be compared to the analogous properties in the lighter *B* meson systems such as $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } {D_s^{*+}} $$\end{document}$, which have been observed recently by the LHCb experiment \[[@CR10]\], provide a means to test these theoretical predictions.Fig. 1Feynman diagrams for $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } {D_s^{(*)+}} $$\end{document}$ decays: **a** colour-favoured spectator, **b** colour-suppressed spectator, and **c** annihilation topology

This paper presents a measurement of the branching fractions of $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } {D_s^{*+}} $$\end{document}$ decays, normalised to that of $\documentclass[12pt]{minimal}
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                \begin{document}$${B_c^+} \rightarrow {J/\psi } {D_s^{*+}} $$\end{document}$ decay performed with the ATLAS detector \[[@CR11]\]. The $\documentclass[12pt]{minimal}
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                \begin{document}$$\pi ^0$$\end{document}$. Detecting such soft neutral particles is very challenging, thus no attempt to reconstruct them is made in the analysis. The $\documentclass[12pt]{minimal}
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                \begin{document}$${J/\psi } $$\end{document}$ meson is reconstructed via its decay into a muon pair.

The measurement presented in this paper allows an independent verification of the results of Ref. \[[@CR10]\] with comparable statistical and systematic uncertainties. The following ratios are measured: $\documentclass[12pt]{minimal}
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                \begin{document}$$\Gamma _{\pm \pm }/\Gamma = \Gamma _{\pm \pm } ({B_c^+} \rightarrow {J/\psi } {D_s^{*+}})/\Gamma ({B_c^+} \rightarrow {J/\psi } {D_s^{*+}})$$\end{document}$, is also measured. From a naive prediction by spin counting, one would expect this fraction to be 2 / 3, while calculations \[[@CR8], [@CR9]\] predict values of 0.41--0.48.

This analysis is based on a combined sample of *pp* collision data collected by the ATLAS experiment at the LHC at centre-of-mass energies $\documentclass[12pt]{minimal}
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The ATLAS detector, trigger selection and Monte Carlo samples {#Sec2}
=============================================================

ATLAS is a general-purpose detector consisting of several subsystems including the inner detector (ID), calorimeters and the muon spectrometer (MS). Muon reconstruction makes use of both the ID and the MS. The ID comprises three types of detectors: a silicon pixel detector, a silicon microstrip semiconductor tracker (SCT) and a transition radiation tracker. The ID provides a pseudorapidity[2](#Fn2){ref-type="fn"} coverage up to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta | = 2.5$$\end{document}$. Muons pass through the calorimeters and reach the MS if their transverse momentum, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${p_{\text {T}}} $$\end{document}$, is above approximately 3 GeV.[3](#Fn3){ref-type="fn"} Muon candidates are formed either from a stand-alone MS track matched to an ID track or, in case the MS stand-alone track is not reconstructed, from an ID track extrapolated to the MS and matched to track segments in the MS. Candidates of the latter type are referred to as segment-tagged muons while the former are called combined muons. Muon track parameters are taken from the ID measurement alone in this analysis, since the precision of the measured track parameters for muons in the $\documentclass[12pt]{minimal}
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The ATLAS trigger system consists of a hardware-based Level-1 trigger and a two-stage high level trigger (HLT). At Level-1, the muon trigger uses dedicated MS chambers to search for patterns of hits satisfying different $\documentclass[12pt]{minimal}
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Triggers based on single-muon, dimuon, and three-muon signatures are used to select $\documentclass[12pt]{minimal}
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Monte Carlo (MC) simulation is used for the event selection criteria optimisation and the calculation of the acceptance for the considered $\documentclass[12pt]{minimal}
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Reconstruction and event selection {#Sec3}
==================================
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It was checked that the fit procedure provides unbiased values and correct statistical uncertainties for the extracted parameters using pseudo-experiments. The values of the relevant parameters obtained from the fit are given in Table [1](#Tab1){ref-type="table"}. The fitted $\documentclass[12pt]{minimal}
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Branching fractions and polarisation measurement {#Sec6}
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Systematic uncertainties {#Sec7}
========================

The systematic uncertainties of the measured values are determined by varying the analysis procedure and repeating all calculations. Although some sources can have rather large effects on the individual decay rate measurements, they largely cancel in the ratios of the branching fractions due to correlation between the effects on the different decay modes. The following groups of systematic uncertainties are considered.
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The statistical uncertainties on the acceptance values due to the MC sample sizes are also treated as a separate source of systematic uncertainty and estimated to be 2--3 %.

In order to check for a possible bias from using three-muon triggers, vetoing the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${D_s^+} $$\end{document}$ meson daughter tracks identified as muons is tested and found not to affect the measurement.

Finally, since $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\mathcal {B}}_{{D_s^+} \rightarrow \phi (K^+K^-)\pi ^+}$$\end{document}$ enters Eq. ([2](#Equ2){ref-type=""}), its uncertainty, evaluated from Ref. \[[@CR26]\] as 5.9 %, is propagated to the final values of the relative branching fractions.

The systematic uncertainties on the measured quantities are summarised in Table [4](#Tab4){ref-type="table"}.

Results {#Sec8}
=======
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Charge conjugate states are implied throughout the paper unless otherwise stated.

ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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The transverse decay length of a particle is defined as the transverse distance between the production (primary) vertex and the particle decay (secondary) vertex projected along its transverse momentum.
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